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57 ABSTRACT

A semiconductor detector for infrared radiation 1s manufac-
tured by the steps of depositing an auxiliary layer on a main
surface of a carrier, depositing a membrane layer provided
with at least one opening onto the auxiliary layer, selectively
ctching the auxiliary layer through the at least one opening
of the membrane layer, so that a hollow space arises in the
auxiliary layer, sealing the hollow space by depositing a
covering on th membrane layer, and fashioning a detector
clement on the covering by depositing a material sensitive to
infrared radiation within a region of the covering that is
bounded by the hollow space therebelow.

23 Claims, 3 Drawing Sheets
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SEMICONDUCTOR DETECTOR FOR
INFRARED RADIATION AND METHOD FOR
MANUFACTURING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor detector
for infrared radiation as well as to a method for manufac-
turing a semiconductor detector for mirared radiation.

2. Description of the Prior Art

A semiconductor detector for infrared radiation and a
method for manufacturing such a detector are known, for
example, from U.S. Pat. No. 3,801,949, 1n which a number
of thermal (pyroelectric) detector elements are fashioned in
a semiconductor substrate, each element being respectively
clectrically coupled with a semiconductor circuit that is
likewise manufactured in the substrate. For the mechanical
support of the detector elements, a layer of electrically
insulating material 1s deposited via openings 1n the semi-
conductor substrate, the layer being sufficiently thin so as to
provide a thermal resistance that 1s as high as possible 1n the
direction of the heat flow along the plane of the msulating
layer, but sufficiently thick to ensure self-supporting
mechanical stability over the comparatively large-surface
openings 1n the semiconductor substrate. A disadvantage of
this approach 1s that the crystalline silicon semiconductor
material, that 1s required for full mtegration 1n the manu-
facture of the read-out circuit structures, 1s completely
ctched away underneath the pyroelectrically active ele-
ments. Due to the insufficient mechanical stability of the
insulating layer that serves for the support of the detector
elements, this known method is at best suited (in particular
orven a larger number of active elements and correspond-
ingly large-surface construction of the opening to be
covered) for laboratory samples or semiconductor detectors
for infrared radiation constructed for development purposes,
but 1s not suited for a production that can be used 1n large
piece numbers, with a yield at a level which 1s generally
considered as suflicient.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a spatially
resolving, high-sensitivity semiconductor detector for 1nfra-
red radiation, and to provide a method for manufacturing
such a semiconductor detector for infrared radiation, which
allow production 1n mass piece counts while ensuring the
yield and reliability, and at the same time enabling 1ntegra-
fion 1nto existing semiconductor process steps, 1n particular
CMOS process steps.

The above object 1s achieved 1n accordance with the
invention 1n a semiconductor detector for infrared radiation
having a covering deposited on a carrier or substrate, in
particular on a monocrystalline semiconductor substrate
made of silicon, so as to construct at least one completely
scaled hollow space between the covering and the carrier,
with supporting elements within the hollow space to provide
the necessary mechanical stability for supporting the
infrared-sensitive detector elements on the covering. The
infrared-radiation-sensitive material forming the individual
detector elements, with the sensitive material extending on
the covering only within a region limited by the completely
scaled hollow space therebelow. According to the principle
of the invention, the completely sealed hollow space 1is
evacuated, so that a high thermal resistance 1s produced 1n
the direction toward the incoming heat radiation, and the
sensitivity of the spatially resolving detector to the infrared
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radiation to be measured 1s thereby improved. A sufficient
mechanical stability 1s also achieved in high-resolution
detector with a surface area of the material sensitive to
infrared radiation of about 50x50 um* or more, and with a
number of active detector elements of more than 100x100
clements. At the same time, the 1nvention enables the
technological integration of the manufacturing steps for the
detector into existing semiconductor processing lines for
manufacturing the microcircuits required to control the
detector elements, which microcircuits being produced, in
particular, in conventional CMOS technology. The manu-
facturing of the detector elements with the material sensitive
to 1nfrared radiation, and the electrical coupling of the
detector elements to the microcircuits, can advantageously
ensue only after the microcircuits have been fully
manufactured, so that existing and proven technological
processes for the production of the microcircuits do not have
to be fundamentally altered. In particular, 1t 1s not necessary
to remove silicon material of the semiconductor substrate
underneath the pyroelectrically active detector elements.

The above object 1s also achieved 1n a method according
to the invention for the construction of the detector elements
for infrared radiation, that are to be coupled electrically with
the microcircuits, which 1s carried out after the complete
manufacture of the microcircuits produced 1n the carrier by
means of standard semiconductor technologies, and which
includes the following steps. First, an auxiliary layer is
deposited on the main surface of the carrier, this layer
preferably being formed of an oxide material, and this layer
being 1n a preferred embodiment, 1n the form of a field oxide
layer that 1s present anyway. A membrane layer provided
with at least one opening 1s deposited on the auxiliary layer,
this membrane layer preferably being formed of silicon
nitride, polysilicon, or a similar material. Subsequently, the
auxiliary layer 1s selectively etched through the aforemen-
tioned at least one opening of the membrane layer, prefer-
ably by means of a wet-chemical etching process with
1sotropic components, so that a hollow space results 1n the
auxiliary layer. By means of suitable construction and num-
ber of the openings 1n the membrane layer and/or adjustment
of the etching process, at least a part of the material of the
auxiliary layer can be left standing for the fashioning of one
or more supports for the membrane layer and/or for the
covering, 1n order to ensure a suificient mechanical stability
of the detector elements, in particular given larger-surface
detector elements.

In particular given high-resolution infrared detectors with
a large number of active detector elements, 1t can be advan-
tageous 1n the context of the invention, for increasing the
sensifivity of the detector, to provide a multilayer construc-
tion of the auxiliary layer or of the membrane layer, 1n order
to form several connected hollow spaces arranged so as to lie
one over the other. This increases the thermal msulation of
the detector elements from the base substrate, such insula-
tion being important for the sensitivity. Such a multilayered
construction of the hollow space layers ensures a sufficient
thermal insulation, and at the same time sufficient mechani-
cal stability, of the detector elements.

The hollow space layers (arranged in multilayer fashion if
warranted) are, after their formation as described above,
completely sealed by depositing a covering on the upper-
most membrane layer, which preferably ensues by deposit-
ing a suitable material using a CVD (chemical vapor
deposition) method. The deposition of the material for the
covering preferably ensues 1in a vacuum apparatus, so that in
this manufacturing step the hollow space, sealed on all sides,
1s stmultancously evacuated.
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Subsequently, a lower electrode 1s deposited on the
covering, preferably 1n the form of a thin layer of platinum.
The material of the detector element sensitive to infrared
radiation 1s then deposited on the lower electrode within a
section of the covering limited by (i.e., within the boundaries
of) the sealed hollow space therebelow. After then attaching
an 1nsulator laterally to the sensitive material, an upper
clectrode 1s applied and structured, preferably in the form of
a thin CrNi1 layer. A particular advantage of this arrangement
1s that the detector elements are completely embedded
between metal electrodes.

For the sealing of the hollow space, the material of the
covering, deposited with a predetermined thickness, can
advantageously be subjected to a temperature step, 1.€. a
flowing process or a hardening process. The flowing ensues
In a vacuum apparatus, because the holes are not yet sealed
by the deposited layer. After this step, the hollow space 1s
scaled with a covering of uniform layer thickness. As the
material of the covering, a doped glass (e.g., a borophos-
phate silicate glass, called BPSG) is preferably deposited in
a CVD method as a covering layer, and 1s caused to flow at
a temperature of about 800 to 1100° C. Silicon dioxide
doped with boron and/or phosphorus can thus be used as the
olass, as 1s used 1n standard CMOS processes for the
planarization of the surface. The boron content or phospho-
rus content typically lies between 1% and 6%. In addition,
a polyimide, as 1s used for the passivation of chips, can be
used as the material of the covering. As 1s also standard in
passivation, this material 1s spun on, and 1s hardened at e.g.

300° C.

By appropriate arrangement of the openings in the mem-
brane layer, any desired shape and surface of the hollow
space or of the covering, can be produced easily. In order to
produce narrow channels as the hollow space, a correspond-
ingly long window in the membrane layer can be used
mstead of a row of holes, so that the side walls of the
channels are constructed parallel to the channel direction.

The hollow spaces or coverings that can be produced with
the inventive method are very stable, and withstand even the
pressure forces of up to 80 bar that occur during assembly
in the plastic housing. At the same time, the manufacturing
ensues with a method that 1s completely compatible with
semiconductor technologies, so that microsystems can be
manufactured unproblemmatically.

DESCRIPITTON OF THE DRAWINGS

FIGS. 1 to 4 respective show schematic cross-sections
through a semiconductor substrate in the region of a detector
clement, as occur 1n the successive steps of the method.

FIG. 5 shows a schematic sectional view of a second
exemplary embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a first exemplary embodiment of a partially
completed semiconductor detector for infrared radiation,
after the manufacture of the microcircuits 1in standard CMOS
technology in a carrier or substrate 1. These microcircuits
include an MOS transistor 2 (shown as an example) with a
source region 3, a drain region 4, and a gate region 3. Field
oxide layers 7 or and 7a are arranged on the main surface 6
of the carrier 1, the region 7 serving as an auxiliary layer for
the fashioning of a hollow space 8. For this purpose, a
structured membrane layer 10 of polysilicon, provided with
openings 9, 1s arranged over the oxide layer 7, with a
thickness of, for example, about 0.2 um. Preferably, the
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4

material of the membrane layer 10 1s deposited at the same
fime as the fashioning of the gate electrode region 104,
which likewise 1s formed of polysilicon. By means of a
wet-chemical etching using hydrofluoric acid, the auxiliary
layer 7 1s selectively etched so that one or more hollow
spaces 8 result, with the arrangement, number and dimen-
sioning of the hollow spaces 8 being adjusted by the size,
number and arrangement of the openings 9. A part of the
material of the auxiliary layer 7 1s left standing so as to form

a support 11 for the membrane layer 10.

As shown 1n FIG. 2, a flowable material in the form of
BPSG 12 1s subsequently deposited, and 1s melted on in the
vacuum at a temperature of for example 900° C. In this step,
at the same time the hollow space 8 1s evacuated and sealed.

A metallization step follows 1n which, as shown 1n FIG.
3, metal paths 13 and 14, for example of aluminum, are
arranged for the electrical connection of the transistor elec-
trodes 3 and 4. This step can be followed by further
manufacturing steps for the construction of additional met-
allization planes or wiring planes, these further steps not
being shown for clarity. Subsequently, a passivation layer
15, preferably of a nitride, can be provided 1n a known way,
this layer being indicated only schematically according to

FIG. 4.

For the manufacture of a detector element sensitive to IR
radiation, a platinum layer 16 is deposited (if warranted,
after exposure of the manufactured surface structure of the
component), and is structured so that an electrical coupling
with the metallization path 14, and thus an electrical con-
nection to the drain region 4 of the transistor 2, 1s produced.
The IR-sensitive material 17 1s deposited and structured on
the lower electrode 16 by means of a thin layer method,
preferably sputtering or a CVD or sol-gel method, so that the
material 17 sensitive to infrared radiation 1s arranged 1nside
a region of the covering 10 and BPSG 12 that 1s limited by
(with the boundaries of) the hollow space 8. For the
IR-sensitive material 17, ferroelectric dielectric materials
with comparatively high Curie temperatures of from more
than 250° to 300° C., preferably more than 450° C., have
proven advantageous, in particular for spatially high-
resolution IR detectors according to the invention. Ferro-
clectric perovskites such as, for example, lead zirconate
titanate (PbTiZrO;) or lead titanate (PbTiO;) and com-
pounds thereof are thus preferred. The IR-sensitive material
17 1s structured for the construction of individual basic cells.
Subsequently, the lower electrode 16 1s structured, an upper
clectrode 19 1s deposited on the active surface of the
IR-sensitive material 17 in the form of a 20 nm-thick CrNi
layer, and an insulator 18 1s laterally attached to the
IR-sensitive material 17. An electrode reinforcement 20
(e.g., a 450 nm-thick gold layer) is deposited over this
msulator 18, and 1s connected with a metallic row conductor
21, to which 1n turn the gate electrodes 10a of the transistors
2 of a control circuit are electrically connected. The semi-
conductor detector 1s thus formed of a large number of
detector elements that can be controlled row-by-row and
column-by-column. For a high-resolution semiconductor
detector for infrared radiation, the surface of the IR-sensitive
material 17 of an element is about 50x50 um®, and the
number of active elements 1s typically more than 100x100
clements. In a detector for infrared radiation with low
resolution, 1n some circumstances a smaller number of
active elements, ¢.g. 10x10 or 20x20 detector elements
(pixels), is sufficient.

FIG. 5 shows, 1n a schematic side sectional view, a second
exemplary embodiment of an inventive semiconductor
detector, 1n which at least two communicating hollow spaces
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8 and 22 are fashioned which are disposed over one another,
instead of only one hollow space 8. This embodiment has the
advantage of improved sensitivity of the detector elements,
because the thermal 1nsulation 1s improved due to the greater
thickness of the vacuum region between the sensitive mate-
rial 17 and the substrate 1, but the mechanical stability of the
multilayer arrangement 1s still ensured. Of course, 1t 1s
possible to manufacture not just two hollow space layers
over one another but arbitrarily many, as long as sufficient
mechanical stability 1s retained. For the manufacture of the
second layer with the hollow space 22, a further membrane
layer 23 made of polysilicon with a thickness of about 0.2
um 1s provided, which has openings 24 by means of which
the auxiliary layer 25 lying thereunder 1s wet-chemically
ctched for the manufacture of the hollow space 22. A part of
the material of the auxiliary layer 25 1s left standing for the
formation of a support 26 for the further membrane layer 23.
The hollow spaces 8 and 22 are evacuated. The protective
layer 12 1s subsequently deposited on the membrane layer
23. All remaining components and manufacturing steps in
the embodiment according to FIG. 5 follow those of the first
exemplary embodiment, so that reference may be made to
the more detailed explanations given above.

Although various minor modifications might be suggested
by those skilled in the art, 1t should be understood that we
wish to embody within the scope of the patent warranted
hereon all such modifications as reasonably and properly
come with the scope of our contribution to the art.

We claim as my invention:

1. A method for manufacturing a semiconductor detector
for 1nfrared radiation, comprising the steps of:

depositing an auxiliary layer on a primary surface of a
carrier;

depositing a membrane layer, with at least one opening
therein, onto said auxiliary layer;

selectively etching said auxiliary layer through said at
least one opening 1n said membrane layer for producing
a hollow space 1n said auxiliary layer;

scaling said hollow space by depositing a covering over
said membrane layer; and

depositing 1nfrared radiation-sensitive material on said
covering within a region of said covering limited by the
hollow space therebelow.

2. A method as claimed 1n claim 1 comprising the addi-
tional step of evacuating said hollow space while depositing
said covering.

3. A method as claimed 1n claim 1 wherein the step of
selectively etching said auxiliary layer comprises selectively
ctching said auxiliary layer with isotropic components and
leaving a portion of the material of said auxiliary layer
standing inside hollow space for forming a support for said
membrane layer and said covering.

4. A method as claimed in claim 1 comprising the addi-
tional steps of:

providing a semiconductor substrate as said carrier;

forming a semiconductor circuit on said primary surface
of said semiconductor substrate outside of said region
limited by said hollow space; and

clectrically coupling said semiconductor circuit to said
infrared radiation-sensitive material.
5. A method as claimed 1n claim 1 comprising the addi-
fional steps of:

depositing a lower electrode on said covering before
depositing said infrared radiation-sensitive material,
and
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depositing and structuring an upper electrode on said
infrared radiation-sensitive material after depositing
said infrared radiation-sensitive material.
6. A method as claimed in claim 5§ comprising the addi-
tional step of:

laterally attaching an insulator to said infrared radiation-
sensitive material for electrically imnsulating said lower
clectrode from said upper electrode.

7. A method as claimed 1n claim 1 comprising the addi-
tional step of employing a ferroelectric dielectric as said
infrared radiation-sensitive material.

8. A method as claimed 1n claim 7 comprising the addi-
tional step of selecting said ferroelectric dielectric from the
ogroup consisting of lead, zirconate, titanate and lead titanate.

9. A method as claimed 1n claim 1 wherein the step of
depositing said covering comprises depositing a thermally
insulating material as said covering.

10. A method as claimed 1n claim 9 comprising the
additional step of selecting said thermally msulating mate-
rial from at least one material 1n the group consisting of
polysilicon, nitrides, and glasses.

11. A method as claimed in claim 9 comprising the
additional step of selecting said thermally insulating mate-
rial from at least one material 1n the group consisting of
polysilicon, nitrides, and phosphor glass.

12. Amethod as claimed 1n claim 1 wherein said auxiliary
layer comprises a first auxiliary layer and wherein said
membrane layer comprises a first membrane layer and
wherein said at least one hollow space comprises at least one
first hollow space, said method comprising the additional
steps of:

depositing a further auxiliary layer over said first mem-
brane layer;

depositing a further membrane layer over said further
auxiliary layer, said further membrane layer having at
least one opening therein;

selectively etching said further auxiliary layer through
said at least one opening 1n said further membrane layer
simultaneously with etching said first auxiliary layer,
for producing at least one further hollow space 1n said
further auxiliary layer simultancously with said first
hollow space 1n said auxiliary layer; and

depositing said covering over said further membrane layer
for sealing said first and second hollow spaces.
13. A semiconductor detector for infrared radiation, com-
Prising;:
a carrier and auxiliary layer deposited on a primary
surface of said carrier;

a membrane layer, with at least one opening therein,
deposited onto said auxiliary layer;

said auxiliary layer having at least one hollow space
therein selectively etched through said at least one
opening 1n said membrane layer;

a covering deposited over said membrane layer and
sealing said hollow space; and

infrared radiation-sensitive material deposited on said
covering within a region of said covering limited by the
hollow space therebelow.

14. A detector as claimed 1 claim 13 wheremn said
auxiliary layer comprises a portion of the material of said
auxiliary layer left standing 1nside hollow space after selec-
fively etching said auxiliary layer forming a support for said
membrane layer and said covering.

15. A detector as claimed 1n claim 13 wherein said carrier
1s a semiconductor substrate, and said detector further com-
prising:
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a semiconductor circuit on said primary surface of said
semiconductor substrate outside of said region limited
by said hollow space; and

connections electrically coupling said semiconductor cir-
cuit to said infrared radiation-sensitive material.
16. A detector as claimed 1n claim 13 further comprising:

a lower electrode deposited on said covering before
depositing said infrared radiation-sensitive material;
and

depositing and structuring an upper electrode on said
infrared radiation-sensitive material after depositing
said infrared radiation-sensitive material.

17. A detector as claimed in claim 16 comprising:

an 1nsulator laterally attached to said infrared radiation-
sensitive material for electrically mnsulating said lower
clectrode from said upper electrode.

18. A detector as claimed in claim 13 wherein said
infrared radiation-sensitive material comprises a ferroelec-
tric dielectric.

19. A detector as claimed in claim 18 wherein said
ferroelectric dielectric 1s selected from the group consisting
of lead, zirconate, titanate and lead titanate.

20. A detector as claimed 1n claim 13 wheremn said
covering comprises a thermally msulating material.

21. A detector as claimed in claim 20 wheremn said
thermally i1nsulating material 1s selected from at least one
material 1n the group consisting of polysilicon, nitrides, and
glasses.
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22. A detector as claimed in claim 20 wherein said
thermally insulating material 1s selected from at least one
material in the group consisting of polysilicon, nitrides, and
phosphor glass.

23. A detector as claimed i claim 13 wheremn said
auxiliary layer comprises a first auxiliary layer and wherein
saild membrane layer comprises a {irst membrane layer and
wherein said at least one hollow space comprises at least one
first hollow space, said detector further comprising:

a further auxiliary layer deposited over said first mem-
brane layer;

a Turther membrane layer deposited over said further
auxiliary layer, said further membrane layer having at
least one opening therein;

said further auxiliary layer having at least one further
hollow space therein selectively etched through said at
least one opening 1n said further membrane layer
simultaneously with etching said first auxiliary layer;
and

said covering being deposited over said further membrane
layer and sealing both said first and second hollow
spaces.
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